. Background and Research Objectives
This LDRD project was instituted to perform research, in collaboration with DuPont, in the area of electron emissive materials and their applications. Originally, we intended to pursue a flat panel display application of this emissive technology, but the invention of a new type of fluorescent light bulb at LANL, with a coinventor at DuPont, based on these emissive materials, has led us in a different direction. DuPont has chosen not to pursue this light bulb technology with LANL. This light bulb application could lead to the replacement of our present fluorescent light bulb technology, which is used worldwide, with a bulb that does not require the addition of mercury for efficient performance. The absence of mercury is highly desirable to prevent the yearly addition of tons of mercury to the landfills of the planet [l].
Our research objectives for this LDRD were to utilize LANL facilities and personnel to develop test bed devices and perform experiments and material measurements that would allow us to adequately pursue applications of electron emissive materials. A goal of the project was to develop a working laboratory prototype model that would demonstrate the viability of the mercury-free light bulb concept in a controlled laboratory setting.
. Importance to LANL's Science and Technology Base and National R&D Needs
This electron emissive technology is highly important to LANL's science and technology base due to the ubiquitous nature of electron emission devices and technology utilized at LANL in process development, experimentation, and scientific investigations. One of the techniques * Principal investigator, e-mail: mlscott@lanl.gov 1 used to develop an emissive surface layer is the use of the flow-through ion gun, developed at LANL and illustrated in Figure 1 . Los Alamos core competencies such as nuclear weapons science and technology; nuclear science, plasmas, and beams; nuclear and advanced materials; as well as complex experimentation and measurements could all be positively affected by advances and applications of emissive materials. LANL technology areas such as vacuum science, surface analysis, physical vapor deposition, and many others utilize electron emissive materials and could benefit from a deeper understanding or new applications of these materials.
National R&D needs will certainly be well served by our pursuit of the next generation of fluorescent light bulb technology. The current research in the United States on a replacement technology for mercury-based fluorescent bulbs is another form of fluorescent bulb utilizing a gas plasma. This gas plasma technology will exhibit lifetime problems due to ion erosion of the cathode. The new light bulb technology being developed at LANL, which relies on emissive materials, does not incorporate a plasma in order to operate and therefore, does not exhibit this ion-erosion failure mechanism.
. Scientific Approach and Results to Date
Our scientific approach to the application of electron emissive materials to important technological applications has been to characterize the materials (see Figures 2 & 3) , develop test beds for prototype experimentation, and to utilize existing technology, where possible, to allow device development to proceed with maximum speed. With this approach, we have sidestepped several time consuming issues (which can be pursued in the future or as part of other projects) such as the development of efficient, low-energy, cathodolumenescent phosphors, and efficient, compact power sources.
With this concentration on our immediate objective, we were able to progress to a working laboratory model of the new light bulb that was suitable for patent application on the concept. A video cassette tape of the operation of the light bulb was recorded, at LANL, and later shown to potential sponsors at the Department of Energy (Office of Basic Energy Sciences and the Program Manager for Energy Conservation), where it was well received. Figure 3. The Fowler-Nordheim plot of data generated for untreated materials (small group on the left) and treated carbon surfaces (large group on the right) indicates a large improvement in emission characteristics for the treated group over the untreated group.
